Aim-To determine if the malignant transformation, as perceived histologically, in a case of osteoblastoma from the right femur, was also expressed as a quantitative change in nuclear DNA during tumour progression over five months. Methods-Nuclear DNA microdensitometry by computer image analysis was used to acquire relative DNA distribution patterns. Tissue had been removed on four separate occasions from a lesion in the right femur of an 18 year old man. Retrospective DNA analysis was performed on formalin fixed, paraffin waxembedded tissue. Results-The DNA profile of the initial biopsy specimen, which was histologically diagnosed as osteoblastoma, was euploid with a near diploid (2c) modal DNA. The second biopsy specimen taken one month later also resembled osteoblastoma but showed an aneuploid DNA profile with a diploid modal DNA and some nuclei with ploidy greater than 5c. The third biopsy specimen taken four months later showed histological evidence of osteosarcoma and a near pentaploid (5c) modal DNA with large number of nuclei exceeding 5c. Conclusions-DNA microdensitometry confirmed the initial and final diagnosis. The technique also seems to be capable of detecting aneuploidy before malignancy is morphologically evident.
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(i Clin Pathol 1993;46:1024-1029) neoplasms in which the diagnosis is equivocal. It may also have a more important and fundamental role in the investigation of the quantitative changes in nuclear DNA distribution associated with the process of malignant transformation.
Case report An 18 year old man experienced worsening intermittent pain and swelling in his right thigh for a period of 14 months. The pain was temporarily relieved by mild analgesics and physiotherapy. Conventional radiography of his femur showed a prominent zone of pronounced cortical thickening and periosteal reaction involving the upper shaft. A zone of lucency measuring 35 x 6 mm was present within the sclerotic area (fig 1) .
On admission to hospital the patient's serum alkaline phosphatase was raised (202 (fig 2) . Because the nidus radiologically exceeded 1-5 cm, the lesion was classified as a benign osteoblastoma. 12 After the biopsy there was a continuous ache in his right leg which was easily tolerated for one month. Then some dense cortical bone was removed and the nidus thoroughly curetted and filled with bone cement. Histological examination of the cortical bone specimens showed densely woven bone. The curetted tissue was similar to that seen in the first biopsy specimen showing highly vascular osteoid containing numerous osteoblasts and scattered osteoclasts. On review some of this osteoblastic tissue seems to have permeated the dense bone (fig 3) .
Four months later, after experiencing pain of greater intensity than ever before, the patient was re-admitted for surgery a third time. X ray pictures showed an area of lucency around the upper half of the bone cement suggestive of a local recurrence ( fig  4) . The lesion was then curetted even more widely and treated with liquid nitrogen before packing it with bone chips from the iliac crest. Several pieces of cortical bone and curetted material were examined histologically. Some of the latter included fragments of abnormal osteoid with permeation of bone and moderate cellular pleomorphism, with up to 6 mitoses/mm2 and an occasional abnormal mitosis (figs 5A, B, 6A and B). Voluntary muscle and plasma cells were found within cortical bone in some sections. High grade osteoblastic osteosarcoma was diagnosed. This was later confirmed by Professor KK Unni from the Mayo Clinic, and after a three cycle regimen of intra-arterial chemotherapy en bloc diaphysial resection with intercalary reconstruction was performed.
New bone formation was found in the medullary cavity of a resected specimen which measured 180 mm in length. Histological examination showed no evidence of residual neoplasm. There was no clinical evidence of recurrence of metastatic disease 14 months after the resection. The integrated optical density (IOD) of at least 100 diagnostic cells from each biopsy specimen was measured using the MD20 microcomputer system (Leica) for video image analysis and microdensitometry.17 This system consists of a high resolution solid state video camera mounted on a standard light microscope (Olympus BH2). The acquired images are digitised by an IBM/PC computer and IOD measurements are made on individually selected cells by grey level intensity thresholding and microdensitometry. Images can be edited to obtain precise threshold nuclear masking and corrections can be made which take into account irregularities in background illumination and inherent glare from the microscope optics.
Tumour associated lymphocytes were used as internal staining controls of the diploid DNA content. A diploid (2c) nuclear IOD value for each biopsy specimen was established from the lymphocyte measurements and used to convert the raw nuclear IOD values of the tumour cells to relative DNA values which are then displayed as ploidy frequency distributions. The raw measurement values and the diploid nuclear IOD values were also used to calculate various numeric indices of cell ploidy abnormality, including the 2c deviation index (2cDI) and the 5c exceeding rate (5cER). 2cDI is defined as the mean square deviation from the diploid 
The activation and subsequent amplification of oncogenes or their inactivation and loss may result in structural or numeric chromosomal changes that can be detected by cytogenetic analysis. 26 The procedure is technically difficult on solid tumours, however, and only produces a small percentage of interpretable results. Chromosomal changes accompanying the malignant transformation of a cell may be detected if large enough to procure a change in the total nuclear DNA content, resolvable as a ploidy aberration by quantitative nuclear cytophotometric or microdensitometric methods.'025 Microdensitometry in this study was used to investigate changes in nuclear DNA content of a bone tumour during its course through a morphologically perceived malignant transformation.
A review of published findings showed only three cases in which DNA analysis had been performed on osteoblastomas with malignant termination, none of which reported a progressive change in nuclear DNA content. Bauer et al'0
II describe an osteoblastoma from the tibia of a 14 year old that recurred after open biopsy, reappearing six months later as an osteosarcoma. The patient showed no evidence of disease during 10 years of follow up after wide excision of the lesion. A similar case from the sacrum of a 31 year old was reported to have recurred nine months later as a high grade osteosarcoma. The patient died two years after intralesional excision of the tumour. The primary lesions from both patients were hyperploid by microspectrophotometric DNA analysis. Helio et al27 described a bone tumour that was biopsied on three separate occasions over a period of 17 months, the first two biopsy specimens were diagnosed as osteoblastoma and osteosarcoma was diagnosed on the third and final biopsy specimen. Flow cytometric (FCM) analysis of the lesion showed an aneuploid peak in the DNA histograms of all three specimens.
A comparative analysis of results from independent studies should attempt to take the definitions used by each investigator into account. '6 In several investigations using microspectrophotometric analysis,'0" 22 In most cases the ploidy profile of a bone tumour is strongly related to its histopathological diagnosis." Benign bone lesions are almost always diploid'I0" 162732 and classic osteosarcomas are predominantly hyperploid or aneuploid, with the exception of parosteal variants which are invariably diploid.'01' 2829 [31] [32] [33] Among the classic osteosarcomas studied by Bauer et al,'029 modal DNA values in the triploid region predominated, while Kreicbergs et al3" 32 reported modal DNA values ranging from 2 6c-5 4c in one study and between 3c-7c in another. The near pentaploid modal DNA value obtained on the third biopsy specimen of the tumour in this study is within the range of values obtained by Kreicbergs et al. The exceptional result obtained for the second biopsy specimen of our case study may prompt one to postulate the existence of a transitional stage where changes in nuclear DNA content precede a morphological change, to explain this observation. Experimental evidence exists, albeit indirect, to support this theory from a study on the pathogenesis of squamous cell carcinoma of the uterine cervix in mice treated with 3,4-Benzopyrene. 34 Morphological evidence of invasive carcinoma in this study was also preceded by the existence of atypical cells with increased nuclear DNA. A progressively increased and scattered DNA content was noted during the transformation to invasive carcinoma of the cervix.
Nuclear DNA microdensitometry was a helpful adjunct for the diagnosis of this bone tumour. It remains to be determined whether the technique has the potential to have an investigative role in the biology of malignant transformation and further our understanding of carcinogenesis.
